Lactobacillus casei ATCC 27092 protoplasts were obtained by treatment with a bacteriolytic enzyme, which was produced in the PL-1 phage lysates of this bacterium, at 37°C for 1.5 h in 50 mM Tris hydrochloride buffer (pH 7.2) containing 20% sucrose and 10 mM MgSO4. The protoplasts lacked the cell wall layer but retained the ability to transport L-[3H]glutamine. The frequency of regeneration was about 1%, whereas about 99% of the cells were osmotically sensitive.
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Lactic acid bacteria which belong to the genus Lactobacillus have been used for years for the preparation of several dairy products, pickles, silage, and drugs. However, at present we are unable to use modern DNA techniques instead of classical mutagenesis and selection for strain improvement. To produce protoplasts from Lactobacillus strains for the study of protoplast fusion, egg-white lysozyme treatment was examined under various conditions (1, 5) . However, these methods did not give satisfactory results with these bacteria. We also attempted to produce Lactobacillus casei protoplasts by using a low concentration of benzylpenicillin (8) . More recently, mutanolysin, a bacteriolytic agent for cariogenic streptococci from Streptomyces globisporus (11, 12) , has been proved suitable for producing protoplasts from some Lactobacillus strains (2, 6) .
In this study, we have attempted to produce L. casei ATCC 27092 protoplasts (10) by using a bacteriolytic enzyme which was produced in the PL-1 bacteriophage lysates of this bacterium, and we have attempted to regenerate the cell wall layer in the protoplasts to produce the normal cells.
Methods. To prepare the enzyme, L. casei ATCC 27092 cells in the exponential-growth phase were incubated with PL-1 phage at a multiplicity of infection of about 0.5 in MR medium (pH 6.0) (4) at 37°C. When the cell lysis was complete, the incubation mixture was centrifuged and the supernatant fluid was salted out with ammonium sulfate at 60% saturation. After storage overnight at 2°C, the precipitate collected by centrifugation was dissolved in 10 mM phosphate buffer (pH 6.5) and dialyzed against the same buffer to remove salt. The freshly prepared product, named PL-1 enzyme in this paper, had a specific activity of 50 U/mg of protein when assayed as described previously (7) . For regeneration, the protoplasts were diluted in the buffer either with or without the stabilizer and plated on MR medium supplemented with 0.3 M raffinose, 2.5% gelatin, 0.5% bovine serum albumin, 25 mM MgSO4, 25 mM CaCl2, 1% glucose, and 1.5% agar (pH 7.2), and the same medium containing 1% low-melting-point agar (Takara Syuzo Co.) was overlaid. After incubation at 30°C for 7 days in a GasPak (BBL Microbiology Systems) container, the colonies that had appeared were counted. The frequency of regeneration (percent) was expressed as follows: [(B -C)/(A -C)] x 100, in which A is the number of initial cells, B is the number of cells which have become osmotically resistant during incubation for regeneration, and C is the number of cells which had been osmotically resistant before plating.
Protoplast production by PL-1 enzyme. L. casei cells in the exponential-growth phase were harvested and suspended in 50 mM Tris hydrochloride buffer (pH 7.2) with or without either 20% sucrose or 10 mM MgSO4 at an optical density at 600 nm of about 0.5 and incubated with 20 U of PL-1 enzyme per ml at 37°C without mechanical agitation. At intervals, the optical density of the reaction mixture, the proportion of cells that survived after osmotic shock treatment among the input cells, and the proportion of spherical forms visible under a phase-contrast microscope were determined as indices of protoplast production. After 60 min of incubation, when the relative optical density of the reaction mixture decreased to about 80% (Fig. 1) , over 96% of the bacteria had been converted to large, bright, spherical forms with a diameter of 0.8 to 1.0 ,um ( Fig. 2A) regulators commonly used, maltose and glucose at the same concentrations had about 70% efficiency of promoting protoplast formation compared with sucrose. Galactose, mannose, fructose, inositol, lactose, glycerol, polyethylene glycol 1000, and polyethylene glycol 4000 were not effective in promoting the production of protoplasts. Magnesium ions at concentrations over 10 mM were also necessary to assure viability of the protoplasts. Ca2" and Mn2+ at the same concentrations had a somewhat weaker stabilizing effect on the protoplasts than did Mg2+. However, neither K+ nor Na+ had a stabilizing effect. When crystalline egg-white lysozyme was used instead of PL-1 enzyme, neither the reduction of turbidity nor the production of protoplasts was affected, even at concentrations of up to 25 p.g/ml, regardless of the presence of sucrose and Mg2+.
Concerning the age of the bacteria used as starting materials, fresh cultures in the early logarithmic growth phase were more susceptible to lysis by PL-1 enzyme than were those in the late stationary phase. Bacteria which had been kept in ice water for about 2 h for possible synchronization gave better results.
There was a relatively large difference between the value of protoplasting efficiency obtained from the number of spherical cells determined microscopically and that obtained from the number of osmotically fragile cells (Fig. 1) . For example, after 15 min of incubation, when the proportion of spherical cells was still about 15%, the proportion of osmotically fragile cells had already reached about 50%. Therefore, this bacterium was found to be in an osmotically fragile state before being converted to a spherical form by treatment with PL-1 enzyme.
An electron micrograph of a thin section of the protoplasts prepared on a JUM-7 ultramicrotome and examined in a JEOL 100-C electron microscope at 80 kV is shown in Fig.  2B . The outer cell margins were defined by the densely stained cell membrane, and they appeared to lack completely the cell wall layer which was evident in the intact L. casei cell (9) .
To confirm the biological activity of the protoplast outer membrane, the ability of protoplasts to take up amino acid was examined by using radioactive L-[3H]glutamine. At 37°C, uptake proceeded successfully with time, and the amount of glutamine taken up during 30 min of incubation was about 13 nmol/mg of protein (Fig. 3) 
